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Abstract 
In order to explore the inherent safety accident causation of complex system, offer the effective measures for 
controlling the safety accident, the complex system brittle structure inevitability collapse trend was analyzed, 
indicated that the system structure of complex system is a brittle structure with the latent collapse trend. The 
mathematic description of the safety condition and chain collapse of the complex system was gained by the analysis 
of the brittle structure collapse process, offered the method for control the collapse of the safety-critical system, 
which established the foundation for further complex system safety study. 
© 2011 Published by Elsevier Ltd. 
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1. Introduction
Safety is an eternal topic of human being, safety accidents have been accompanied by human 
development. Although safety, reliability and automation of the modern complex system have increased 
greatly, and the probability of the occurrence of accidents decreased significantly, but from the world 
safety accidents statistics can be seen, safety is still very serious, even though in the "very" safe complex 
system, accidents may occur, and some accidents are often catastrophic. In the human-machine complex 
system, the complexity and intricacies between group elements and hierarchies, and for the complex 
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transfer of material, information, energy, which resulting in the complexity of accident causation of a 
complex system. Structure determines function based on the principle of the system functions safety 
determined by the system structural safety, system stability structure and stability of the common 
boundary are the essential to maintain the system functions safety, system structure, structural stability is 
a sufficient condition. The potential collapse trends of the system structure called the brittle structure, the 
brittleness is caused by the collapse of the structure, and which is the nature cause of the safety accident. 
On the evolution of complex system, Huang Chuanfeng(2010)[1]constructed random evolution model 
based on structural analysis of complex system competitive system, studies have shown that the 
competitive mechanism for micro-macro structure of the system, competition and the evolution process 
has a decisive impact. WU Hong-mei (2008)[2] and Du Deming (2008)[3] discussed the fragility theory of 
complex system, that some of the subsystems within the external interference caused by a brittle link 
between the various subsystems, resulting in the collapse of the entire complex system. Weber Philippe 
(2006)[4] constructed a Bayesian network based on dynamic object-oriented model of complex system 
reliability for complex system reliability assessment. Andre Kleyner (2010)[5] used Petri nets to predict 
the reliability of safety systems, verification of the Petri nets for complex system reliability estimation is 
feasible. Luis C. Neves (2005)[6] discussed the degradation of structural condition assessment, safety, cost, 
etc. the deterioration of safety and status are seen as a linear process, then the deterioration of the 
structure condition assessment, safety of the Monte Carlo simulation. However, these studies have not yet 
form the perspective of the collapse of the brittle structure of complex systems because of problems 
caused by safety incidents. 
Based on complex systems collapse theory and the theory of brittle research results, and the analysis 
of complex system safety accident causation, describing the collapse of the fragile structure of the 
process, and the degree of system safety model, designed for the safety of complex systems establish the 
foundation for future study. 
2. Analysis of complex systems safety accident causation 
2.1. The inevitability of the collapse of the structure of complex system 
The more complex of the system, the more likely to crash. Such as: January 28, 1986 the United 
States "Challenger" space shuttle explosion; April 1986, Chernobyl nuclear power plant tragedy; in early 
2008, the snow disaster in southern China; May 31, 2009, Air France aircraft disintegration. These 
complex system safety accident may come from the collapse of the internal structure of the system (such 
as the "Challenger" space shuttle seal failure); or from the collapse of the external environment (such as 
the ice storm in the southern snow, cold and other sudden changes weather led to the collapse of power 
system). 
As for the closed complex system, according to the classical second law of thermodynamics, 
irreversible process will cause the system transfer from order state to disorder state, namely into the 
direction of entropy increase. For open complex system, the change of entropy can be divided into 
two parts: one is the irreversible process within the system caused by the entropy increase ,
; the other part is the system of energy and material exchange with the outside world caused by 
the entropy flow , may greater than zero or may also be less than zero. Has been proved that 
the state far from equilibrium, the evolution of complex systems do not follow a variational principle, so 
changes in the entropy of the entire system should be[7]
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Hdi multiply by the coefficientα , represent the entropy of the outside world into the role of 
system factors, so that the entropy of the incremental changes  within the system after the correction 
value; multiply by the factor
Hdi
Hde β , indicate that the entropy of the outside world into the role by the 
system after the end of the internal entropy change. The collapse of the external environment by changing 
the stability of the system boundary, thereby affecting the arrangement of order-component system, 
leading to entropy increase, prompting the collapse of the internal structure of the system, then causing 
accidents, so that the underlying cause of accidents lies in the collapse of the system internal structure, 
which has its inevitable collapse trend. 
2.2. The brittleness of complex system and subsystem crash 
Definition 1 Complex system brittleness[8]: If the state vector of complex system use the n  sub-
systems’ state vector to describe, means the state variable of sub-
system .When the system during normal operation, there is a 
collection
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njijK <<≠ 1,,tx j )( ∉2 ,then the brittleness of complex system known to be 
stimulated. 
Definition 2 System structure which has the potential collapse trend called the brittle structure. 
Whether the system is in a closed state or open state, its internal structure is always in a transition from 
ordered to disordered state, so that the complex structure of the system is a brittle structure. 
Definition 3 Subsystem crash: Let a subsystem input, ,output ,
when ,show that the sub-system output functions normally, its status is a safe state; at 
that time , indicating that the sub-function output is not normal, which means that the 
subsystem crash. In general for ,the subsystem is in a safe condition; but as long 
as ,the subsystem will appear to crash. 
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3. Analysis of complex systems brittle structures collapse process 
3.1. Safety status of complex system 
Brittle structure caused by a chain of complex systems collapse, when it comes to safety-critical 
subsystems, will lead to safety accidents. Set  as the system's safety 
status, of which n is the number of critical safety subsystem, means the safety status of critical 
safety subsystem i ,The similarities and differences based on structural properties, subsystem safety state 
with discrete and continuous type of points. 
{ )(),...,(),()( 21 tstststS n=
)(tsi
}
Defined 4  When the system has only "0" indicates safety and "1" indicates the collapse two discrete 
states, the system's safety state is discrete. 
368  WANG Song and WANG Ying / Procedia Engineering 15 (2011) 365 – 3694 WANG Song et al./ Procedia Engineering 00 (2011) 000–000 
For the safety status of the safety critical discrete subsystem, its collapse is a snap, that 
is , where . For such subsystems, we need a way 
of adding redundant subsystems to prevent safety incidents. 
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Defined 5 When the safety state is between [0,1] interval, the system is a continuous safety status 
subsystem. At this point there must be in [0,1] within a safety threshold, taken to be , then the 
time , the system is a safe state, and when the system crash. Among 
them , the safety for critical safety subsystem threshold set. For continuous 
safety status as the key safety subsystem, due to certain safety changes in the state of the collapse of time, 
it can be used for emergency measures. For such subsystems, requires continuous monitoring of its safety 
status, and to develop better contingency plan, once the safety threshold is exceeded, you can use the 
appropriate safety measures to prevent the rapid spread of the disaster. 
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3.2. Chain collapse of complex system 
When or , the subsystem i crash, the collapse of the internal nodes before 
the system continue to have the accumulated energy, the energy density is increasing, when the 
accumulated energy exceeds the maximum capacity of sub-nodes when the crash occurred. Moment 
accompanied by the collapse of the energy consumption and transfer, on the one hand the collapse of the 
process need to destroy the inherent stability of the structure subsystem, the cumulative energy consumed 
must; the other hand, the excess energy will be associated with a higher degree of follow-up node 
metastasis, metastasis how much depends on the amount of residual energy and the transition probability 
of the high and low, while the node associated with the collapse of the node will transmit energy to ease 
the process of its collapse. 
)()( tkts dii > 1)( =tsi
Assuming the energy safety status value is characterized by the accumulation of a degree, and the 
amount of sub-collapse of the need to consume energy , and some residual energy 
will be transferred to the follow-up associated with the node. Transition 
probability between two nodes depends on the level of the size of the degree associated with that 
transfer to the subsystem
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j  from the subsystem , the residual energy transfer 
probability, was transferred to the subsystem
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external environment interference )(tjε .
At that time , of which the subsystem)()()()]()({[ tkttsptkts djjjij
d
ii ≤++×− ε )(ts j j  to 
subsystem , the safety status after the transmission of energy, this time in a safe state subsystem; 
time , subsystem
i
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d >++× ε({[ ks ii − j  crash. 
In fact, subsequent to the transfer of the remaining energy of nodes the number of imports is not a 
single node, that node to the same number of follow-up before added between nodes in the transfer of 
energy. Then when 
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Energy transfer which is the first renewal with the number k of nodes, this time for the subsystem j
safety state; when 
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At this point subsystem j crash.
When the subsystem j  is triggered the collapse of the chain collapse of safety-critical subsystems, 
the system will be a safety accident.  
4. Conclusion  
Based on the existing theory and the collapse of the brittle basis of the theory to explore the complex 
nature of safety cause of the accident, gain the following conclusions: 
 The system structure of complex systems has a potential collapse trend, which is brittle structure, 
and the inevitability of its collapse has its inherent; 
 Safety accident of complex system originated in the chain collapse of safety-critical subsystems, 
including, external disturbances, when the internal entropy increase in the negative entropy flow into 
the outside world, it will collapse; 
 Effective inhibition of the collapse of complex systems is to take effective measures to safety 
constraints, to improve safety within the anti-critical subsystems, the level of outside interference, 
and to develop effective emergency response measures. 
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